Water-insoluble dodecylphosphate (DP) was solubilized by a micelle of a nonionic surfactant such as Triton X-100(TX) and Triton N (TN) , f orming a mixed micelle. The mixed micelle was adsorbed by HAP after isomorphous substitution of phosphate group of DP for orthophosphate ion on HAP and electrostatic attractive force between a negative charge of DP and Ca2+ on HAP. As a result, nonadsorbable nonionic surfactant was adsorbed indirectly to HAP together with DP forming hemi-and/or admicelle . In an aqueous solution of CaCl2 , the solution of nonionic surfactant-DP became turbid. DP was selectively captured by Ca2+ , resulting in formation of the Ca-DP precipitate, which was separated from the mixed micelle . However, nonionic surfactant remained in an aqueous phase . Thus, the mixed micelle showed different behavior on the surface of HAP and in an aqueous phase .
INTRODUCTION
It was shown in the previous papers that hydroxyapatite (Ca 10(PO4)6(OH)2, H AP) easily adsorbs sodium dodecylsulfate (SDS)1 and sodium dodecylbenzenesulfo nate (SDBS)2 by virtue of electrostatic attractive force between cationic sites on the surface and anionic head groups of these compounds and byvirtue of ion exchange of the head group(i.e ., sulfate and sulfonate group) with orthophosphate ion on the surface. Nonionic surfactant, which has polyoxyethylene chain as a hydrophilic group , i s non-adsorbable to HAP when it was added into an aqueous solution in asingle sh ot. However, it was adsorbed in the presence of SDS or SDBS , because nonionic surfactant and these compounds formed a mixed micelle which is adsorbable to HAP . Similar result was obtained from the mixed micelle of nonionic surfactant and water-insoluble dicetylphosphate(DCP) .3
In the present paper, the binding mechanism of nonionic surfactant , Triton X-100(polyethylene glycol mono-p-isooctylphenyl ether , TX) and Triton N(polyethylene glycol mono-p-nonylphenyl ether , TN), to the surface of HAP in the presence of water-insoluble dodecylphosphate(DP) will be discussed. Although DP is insoluble in water, its solubility increases in the presence of TX , TN, or arginine.4-5 In the previous papers the adsorption mechanism was discussed , considering the formation of mixed micelle and intermolecular complex .6 In the present paper behaviors of the mixed micelle in an aqueous solution of NaCl and CaCl2 will be discussed. From these data, physicochemical properties of TX , TN, and their micelles are compared between in an aqueous solution and on the surface of HAP in the presence of DP. 
RESULTS AND DISCUSSION
(1) Binding mechanism of a mixed micelle of nonionic surfactant-DP to the surface of HAP Adsorption amounts of TX and TN are shown in FIGURE 2 , where the adsorption amount decreases with a decrease in the content of DP in the mixed micelle . This fact may be explained by two reasons; one is the decrease in the content of adsorbable DP in a mixed micelle , i.e., DP in the micelle intermediates the adsorption between HAP and the nonionic surfactants . Ca2+ on the surface of HAP plays an important role in the adsorption of DP to the surface (see FIGURE 5 ) .1-3 The other is the increase in the moiety of nonadsorbable nonionic surfactant in a micelle , i.e., excess amount of nonionic surfactant , compared with the added amount of DP, becomes unavailable to commit to the adsorption .
Compared with the adsorption amounts of TN , TX was less adsorbed to HAP. Mixed micelle of TX-DP might be looser than that of TN because TX has b ranched and bulky chain. Adsorption amount of TX , therefore, was less than that of TN.
It was observed that the degree of dispersion of the HAP particles increased with the adsorption amount of the nonionic surfactant . This is suggestingin fact that hydrophilic tails of the polyethylene oxide chains areprotruding into an aqueous ph ase after the adsorption of TX or TN with the DP .
(2) Binding of Calf to a mixed micelle of nonionic surfactant-DP in an aqueous phase When salt such as NaCl and CaCl2 was added to an aqueous solution of mi xed This is owing to the ion exchange between the hydrogen ion on DP and Na+ or Ca2+ in an aqueous phase. Compared with NaCl(open symbols) , hydrogen ion was more released in an aqueous solution of CaCl2. These results are suggesting that Ca2+ shows higher affinity to the phosphate group than Nat . It was also found that[H+] is slightly higher in the presence of TN(square) than TX(diamond) in both cases of NaCl and CaCl2, corresponding with the result shown in FIGURE 2 . Mixed micelle containing TN shows higher affinity to Ca2+ than that containing TX in both cases on the surface(FIGURE 2) and in the solution (FIGURE 3 ).
In the presence of CaCl2, the solution of nonionic surfactant-DP became turbid. This is because DP selectively captured Ca2+, forming the precipitate of Ca-DP , which was separated and sedimented from an aqueous solution of the mixed micelle .
Nonionic surfactant, however, remained in an aqueous phase.
The surface tension of an aqueous solu`tion of nonionic surfactant-DP-CaCl2 was measured, of which results are shown in FIGURE 4 . We could expect that if the precipitate contains both the nonionic surfactant and DP, the surface tension should increase with the amount of the precipitate and be located between nonionic surfactant (column [2] ) and water(column [1] ). If the DP selectively precipitates as a salt of Ca-DP, the surface tension should be between that of nonionic surfactant-DP(column [3] ) and nonionic surfactant(column [2] ). The result was the latter. The surface tension increased from that in the absence of Ca2+(column [3] ) asymptotically to that shown with the column [2] with an increase in a concentration of the added Ca2+ , i.e., in a series of the columns[3]-[8]. This result is showing that the surface tension approaches that in the FIGURE 4 Surface Tensions of an aqueous solution of Triton -DP-CaCl2 at room temperature. Open and closed columns show the data for TX and TN , respectively. Column [1] is water alone , [2] TX or TN, [3]-[8] for an aqueous solution of TX-DP or TN-DP . A concentration of added CaCl2/mM= 0(column [3] ), 2(column [4] ) , 4(column [5] ), 6(column [6] ), 8(column [7] ), and 10(column [8]). The concentrations of both Triton and DP in the columns [3] -[8] were kept constant at 10mM. absence of both Ca2+ and DP(=the column [2] ). Therefore, it was concluded that DP was selectively pulled out of the mixed micelle and precipitated as the Ca2+ salt of DR Thus, it was concluded that the mixed micelle exhibits different behavior on the surface of HAP (i.e., casting anchor of the DP at the Ca2+ -site and the site for anion exchange on the surface) and in an aqueous solution of CaCl2 (i .e., pulling out of the precipitate of Ca-DP). FIGURE 5 illustrates these behaviors. 
ion exchange was observed between hydrogen ion of DP on a micelle in an aqueous
phase and Na+ or Ca2+ in an aqueous solution of NaCl or CaCl2. Ca2+ showed higher affinity to the phosphate group of DP than Na+. Ca2+, therefore, was bound to DP selectively and DP was pulled out of the mixed micelle as a precipitate of the Ca2+ salt, while nonionic surfactant remained in an aqueous phase as a micelle.
4. When the mixed micelle collides against Ca2+ in an aqueous phase, DP in a micelle forms the precipitate of Ca-DP, as mentioned above. On the other hand, the micelle itself is captured in whole to the surface of HAP when the mixed micelle could encounter the Ca2+ on the surface. It was found that there is a difference in mechanism of the Ca2+ binding to DP between in aqueous phase and on the surface.
